Sustainable nut production and supply depend on soil nutrient availability, but current land management practices in macadamia farms, including soil erosion and minimal inter row groundcover in established orchards can reduce soil carbon (C) and impair soil fertility. Therefore, nut production in macadamia orchards relies heavily on inorganic and organic fertiliser application which brings an economic burden for farmers. Biochar, a C rich product from the pyrolysis of organic residues, has been shown to improve soil fertility and fertiliser use efficiency. In the current study, we aimed to explore the effects of a wood-based biochar at two application rates of 10 t/ha (B10) and 30 t/ha (B30) on soil C and nitrogen (N) cycling at months 0, 6, 12, 18 and 24 following its application to a macadamia orchard. No significant effects of biochar on soil soluble organic C and N were observed at months 0, 6 and 12 following biochar application. At months 12, 18 and 24, biochar significantly increased soil nitrate concentration with B30 compared to the control and B10 but differences were significant only at month 12.
INTRODUCTION
Macadamia orchards are subjected to soil loss and reduced soil fertility, with increasing reliance on fertilisation to maintain yield. Biochar, which contains high proportion of stable carbon (C), may improve soil nutrient availability and water holding capacity leading to decreased fertiliser application (Van Zwieten et al. 2010a, b; Reverchon et al. 2014; Bai et al. 2015; Xu et al. 2015) .
Biochar has been extensively applied to improve soil nitrogen (N) availability in agricultural crops but not tree crops (Taghizadeh-Toosi et al. 2012a, b; Alburquerque et al. 2013; Reverchon et al. 2014) . This study aimed to examine the short-term effect of wood-based biochar on soil N cycling within 18 months following biochar application in a macadamia orchard of subtropical Australia.
MATERIALS AND METHODS
Please cite: Bai SH, Xu CY, Xu ZH, Blumfield TJ, Wallace HM, Walton DA, Randal BW, Van Zwieten L (2016) Wood base biochar alters inorganic N. Acta Horticulturae 10. 17660/ActaHortic.2016 17660/ActaHortic. .1109 The experimental site was established at Beerwah in south-east Queensland, Australia (26°50'14.16"S 152°56'49.96"E), in 2012. This area is subtropical with most precipitation in summer (December -February). The orchard was planted with macadamia (Macadamia integrifolia Maiden and Betche, M. tetraphylla Johnson and hybrids : Proteaceae, variety 741) in 2003. Biochar used in this study was a wood base biochar from pine wood chips (Pinus spp.) subjected to slow pyrolysis at 550°C (Black Earth unit, South east Queensland, Australia). Biochar properties are summarised in Table  1. There were two biochar treatments and two control treatments. Biochar was applied at two rates of 10 dry t/ha (B10) and 30 dry t/ha (B30) in the orchard. Biochar was mixed with soil at the ratio of biochar 1 : soil 1.5, to minimise wind and rain erosion of the biochar. The control plots received the same amount of soil with no biochar, the C10 plots received the same amount of soil applied to B10 plots and C30 plots received soil at the same amount of soil applied to B30. The experimental site was set up with a randomised complete block design with six replicates per treatment. Twenty-four plots (4 m × 4 m) were established under 24 macadamia trees, with tree at the centre. The tree spacing was 4 m × 9 m. To prevent any contamination, at each row, there was a spacing of three trees between each plot, therefore plots in each row were 12 m apart. All plots were initially conventionally fertilised at the rate of 120 kg N ha -1 yr -1 on a monthly basis which contained 50% urea, 25% ammonium and 25% nitrate. However, for the past five years, the nutrient application was based on soil and leaf nutrient analysis.
Soil sampling was carried out at months 0, 6, 12, 18 and 24 following biochar application. Soil samples were collected at 8 points within a 50 cm radius directly from the base of the tree stem using an auger (20 mm internal diameter), at depths of 0-5 cm. Soil samples were sieved using a 2-mm sieve in the laboratory before analysis, the small char particles pushed through the sieve and approximately 1% of the char did not go through the sieve and were hand-picked and crushed to go through the sieve and mixed by soil.
Air-dried soil NH 4 + -N and NO 3 --N concentrations were determined in a 2 M KCl extraction using a SmartChem 200, Discrete Chemistry Analyser (DCA) and total inorganic N (TIN) was derived as the sum of NH 4 + -N and NO 3 --N. Then, the same 2 M KCl extractions were used to determine soil dissolved organic C (DOC) and total soluble N (TSN) using a Shimadzu TOC-V CSH/CSN TOC/N analyser (Hosseini Bai et al., 2014a, b) . Dissolved organic N was calculated as the difference between TSN and TIN (Hosseini Bai et al., 2012a) . Hot-water extractable organic C (HWEOC) and hot-water extractable total N (HWETN) were determined using 7 g of air-dried soil which were added to 35 ml water and incubated in a capped and sealed tube at 70 °C for 18 h. Following incubation, the suspension was shaken by an end-over-end shaker for 5 min followed by centrifuging at 10,000 rpm for 10 min. The suspension was filtered through a 33 mm Millex syringedriven 0.45 µm filter. The concentration of HWEOC and HWETN in the filtered solution was measured using a Shimadzu TOC-V CSH/CSN TOC/N analyser (Hosseini Bai et al., 2012a, b) .
A two-way analysis of variance (ANOVA) was conducted to detect the effects of biochar application on soil variables and interaction between sampling month and biochar application. No significant interaction between sampling month and biochar application was found. Afterwards, a one-way ANOVA was performed at each sampling time to Please cite: Bai SH, Xu CY, Xu ZH, Blumfield TJ, Wallace HM, Walton DA, Randal BW, Van Zwieten L (2016) Wood base biochar alters inorganic N. Acta Horticulturae 10. 17660/ActaHortic.2016 17660/ActaHortic. .1109 detect the influence of biochar application on soil chemical variables. Statistix software (Version 8) was used for all the statistical analyses.
RESULTS AND DISCUSSION
Soil NH 4 + -N was not influenced by biochar application at month 6 following biochar application but it was significantly reduced in samples from B10 and B30 treatments at months 12, 18 and 24 (Fig. 1a) . At month 6, soil NO 3 --N was also not influenced by biochar application. In contrast, at months 12, 18 and 24, NO 3 --N increased in B10 and B30 compared to C10 and C30. NO 3 --N in B30 was significantly higher than that of control in months 12, 18 and 24 following biochar application but not B10 (Fig.  1b) . Biochar application did not affect soil HWEOC, HWETN and DOC. DON was not influenced by biochar application at month 6 but it was significantly lower in B10 than that of C10 at month 12 following biochar application (Table 2) Months following biochar application * * *
